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ABSTRACT 



A layer of thermoplastic sheet material such as sheet ABS is 
heated to a temperature at which it is thermally forrnable and 
while at this temperature is thermally formed, as by dif- 
ferential gas forming, typically vacuum forming, against a 
shaped body of cellular thermoplastic material such as ex- 
panded polystyrene. As a result of the heat in the sheet as it is 
drawn against the cellular body which is at room temperature 
fusion welding of the sheet to the surface of the cellular body 
at the interface takes place. No cement or other adhesive, or- 
gamc solvent or the like is used. The result is that the cellular . 
body is protected against puncturing, shattering under impact, 
abrasion, and other physical influences that would normally 
tend to injure it and is made much stronger. The disadvantages 
of prior attempts to make such composites, such as the need 
for preforming the sheet and then bonding it to the body and 
the need t cuse solvent-based cements or organic solvents, are 
completely obviated. The invention is exemplified, by the 
manufacture of a boat having an expanded polystyrene core 
and layers of sheet ABS covering and fusion welded to! its in- 
terior and exterior surfaces.. 



8 Claims, 9 Drawing Figures 
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. P ort 'oris can easily be obviated by molding them with a fillet of 

BACKGROUND OF THE INVENTION T e P ro P er dimensions and/or by providing vacuum ports at 

i tl c* i j , tnc proper locations in such areas. 
1. The Field of Invention 5 

The. invention relates to composite articles comprising a SUMMARY OF THE INVENTION 

layer of thermoplastic sheet material. which.is tenaciously fu- Th^ ; / >• u u u - , 

sion welded to a shaped body of cellular thermoplastic materi- a ,nVcntlon . has ^ olh P roduct ™&°<* aspects. In its 

al and to the method of making such composite articles by £2 1 " ™ &nicle com P risin g * shaped 

thermal forming, as by differential gas forming typified by 10 , cdlular thermoplastic material such as expanded 

vacuum forming,.and drawing the heated thermoplastic sheet • ^ ystyrene (of an > tv P e < e .g* extruded polystyrene foam or 

material against ,the. body of cellular thermoplastic material P^yrene bead foam) having a layer of thermoplastic sheet 

whereby the heat in the sheet causes fusion welding to the sur- ma * eria V typified by ABS (acryiomtrile-butadiene-styrene 

face of the cellular body without the need for performing the P 0, y™ er ), fusion welded to said shaped body at the interface 

sheet to.the shape of the body or for resort to use of adhesives therebetween. In its process aspect it resides in heating a layer 

such as organic solvent-based cements or of volatile organic Such thermo P lasti c material to a temperature at which it is 

solvents, thermally formable, and then thermally forming typically by 

2. Description of the Prior Art. vacuum.forming, the heated sheet material against the shaped 

Heretofore efforts have been made to strengthen and pro- 2 fj CcIluIar th «mopIastic body preferably using differential gas 

tect cellular thermoplastic bodies by various, techniques such Pressure forming techniques which per se are well-known to 

as preforming the cover component in some manner, as by in- the art < For details ofsuch forming techniques see^ for exam- 

jection molding, cold forming or vacuum forming,. and then P Ie "Plastic Sheet Forming*' by Butzko published 1958 bv 

fitting the. preformed part to.the cellular part whereby the two Reinhold). Vacuum forming is preferred. As the heated sheet 

preformed parts are mated. A major difficulty has been that of 25 is formed il » draw n tightly against the cellular body and air is 

getting a tight closefit between the two parts; this difficulty is expelled at the interface as the sheet is drawn with the result 

IiTk Par n ^ t0 ' . fa u C 7 hat il iS VirlUaIly im P 0SsibIe to that it is caused to exactly conform to the surface of the cellu- 

make the ce hilar part with close dimensional tolerances, this l«r body and as the hot sheet contacts the surface of the 

be.ng especially true when it is made in the well-known foamed body, which typically is at- room topSi d In 

manner from expandable polystyrene beads. Frequently in 30 any event is at a temperature far belo* TtoAEKtu™ 

prior art attempts to solve the problem, resort was had to the which often is well below the te^pera^^ 

use of adhesives interposed between the two parts but these surface of the foamed .body softenT SuErtv ^th^. w 

invariably contained volatile organic solvents which present a with the sheet . Z w • sufficiently so that it fuses 
fire or toxicity problem and cause deterioration of to ex- 

panded thermoplastic part. The problem and variou! a«em P s 35 v ^lottS 

to solve it are shown in U.S. Pat. No. 2,865,800 and oh paees - surface ^ ? * a " d fuSIOn ° f ,ts 

250 and 266 of -Rigid Plastic Foams » by Ferri™ Second * h f / thl " SUrfaCC Iaye '* This insures 

Edition, published 1967 by Reinhold * ^ ' against deformation of the cellular body which, would occur 

In somecases. attempts were made to overcome the struc- ^^J^^ ******* thereof t0 

tural weakness of cellular thermoplastic materials such as ex- 40 rim/v \ . * US& of or 6 amc solvent-based . 

panded polystyrene (whether made from beads or by extru- h f U* a!*?™! Sohcms < with tl,eir attendant toxicity 

sion of polystyrene containing a volatile organic liquid as a ^ r both of which would: cause degradation or 

blowing agent) by coating resin-fiber glass onto the outside of i T ? & * UC body into a ^cellular mass, 

the cellular body and then hardening the resin. Such attempts o m the present invention, 

have been quite, unsatisfactory. 45 fecause ot tne structural weakness of many cellular bodies 

So far as applicant is aware, all of the prior art attempts to fi pro f cct . ed and strengthened by the present invention, it 

solve the. problem of overcoming the structural weakness of " "J 0 ? 8 ^ ,n * practice of * e invention, to rigidly support 
rigid cellular thermoplastic- materials, such as expanded bodies against breakage' or deformation while the 

styrene, with ..respect to low tensile strength, ease of rupture va ^ uum forming operation is being carried put; ... 
penetration or fragmentation by impacting bodies,' poor abra^ 50 " . DESCRIPTION OFT^F 1>R awim^c' 

sion:resistance, etc. have .been attended with serious draw- . .. . "?» tKIK "MN OF THE DRAWINGS 
b3 ^ S ' . ■ ■ In tlje accompanying drawings, which portray the raanufac 

The present invention , completely obviates the need for tur « of an all-plastic boat having a cellular thermoplastic hull 
preforming the protective material as. well as the need for- b °dy protected over its entire interiorand exterior bv a sheer 
using adhesives or volatile solvents or for applying a resin- of thermoplastic material by the present invention- 
fiber glass coating on the cellular body;The invention also in- FIG. l is a perspective of the boat hull body before aoolica 

sures perfect conformity of the protective sheet to the.cellular tion of the protective thermoplastic 1 skin layer and of the" 
body over the entire surface of the latter despite variations in vacuum box used to apply the protective skin over Se interim 
such surface, and accomplishes fusion welding, of the protec- 60 surface of the body; ' oie . c " v e.skin over the interior 

live i thermoplastic to the cellular body contemporaneously HG. 2 is a transverse vertical sectional view showinc the ar 

with the vacuum forming step. It does this with very little rangement just prior to application of thel^r il V 
discernible solidification.or collapse of the cellular body at the layer.to the hull body PP * ' ■ m . ncr P rotectlv ? 
interface with the sheet; at most solidificaUon of thesurfaceof FIG. 3 is a similar sectional view showing the h„n 
a polystyrene bead foam body protected by the invention ap- 65 after the inner skin has been app^S 
pears to be limited to one thirty-secondth of an inch. Thus, the showing the sheet plastic ^w^^l^t^^T- 
invention brings about new and unobvious results and ad-. and thevacuum ^S^SmX^^^ 
vsntages. Firf*" a*' a ., , ** 

Th, only possiWe exception ,o perfect conformity of the the SpJolt Sir 'SS^^"**™*?"* 
protective sheet, o the cellar body in the practice of the in- 70 the body tbJS^^uSfi^T" " ' , ^- 10 
vention would be.in locations where there is a very acute an- FIG 5i,, „~ .1 , ne .^ cuuln forming; 

g le. as a 90" angle, in the surface of the cellular J^J^S^t^! Sh ° Wing **: 

which drawing is effected. Examples would be portions of the HG 6 is^slmilHr before they come into contact; 

inside of the hot-hull described hereinafter where the mast structure whlh „ ^ ^rged sect .on showing the l am i na , ed . 
socket and the centerboard slot are provided in the bottom of 75 T^^^Z^^^ *" * 
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verted' LV^hT- VeniC .t' SeCti0nal T Sh0Wi " g C ° re h ** ,imitati0n * the fusi0n weld »8 b «"« ««" <° the 

verted boat hull body .„ another vacuum box preparatory to fact that core 1 is a very good insulator and the heat in sheet 

Z\\ bod' 0 " P rotective skin to ,he ° u,er surf a<* of the 12 b rather rapidly dissipated, 

nn • • .. . The application of heat by means 14 is discontinued at or 

HO 8 .s a s,m lar v,ew showmg the arrangement at the 5 before completion of the vacuum drawing step. As soon as the 

complete of apphcauon of the outer protective plastic skin; vacuum drawing step is complete, cooling air is directed.! by 

rir^ n ■ * .... ^ ans ( not shown), onto the resulting inner surface of the hnat 

FIG. 9 is a transverse sectional view of the completed boat. hu i, to cooI the sWn and Bh to!^S^ heat 

DESCRIPTION OF THE PREFERRED EMBODIMENT 10 T° ^ c ? Uular °° d y beyond . that required to achieve the 

* v desired fusion welding. 

Referring now to the accompanying drawings, which por- The boat body is then removed from the vacuum box 3. The 

tray a preferred embodiment of the invention as employed for surplus edge of the skin layer is trimmed off as at line 1 8 in the 
the manufacture of an all-plastic boat having a cellular core outer gunwale portion. 

protected on both the inside and the outside by a ther- j 5 The boat hull is then inverted and placed in another vacuum 
moplastic skin layer, a boat hull body 1, which typically is box designated generally as 20 (FIGS. 7 and 8) on rigid sup- 
made in known manner from expandable polystyrene beads porting member 21 which again preferably is made of epoxy 
and has a wall approximately 2 inches thick, has applied to its resin-glass fiberlike support 6 which of course can be rein- 
entire inner surface a skin 12 of ABS thermoplastic material . forced and braced where necessary and which has an exterior 
0.060 inch thick (before drawing) in the manner portrayed in 20 closely conforming to the interior of the boat hull so as to sup- 
FIGS. 1 through 6. Holes 2 are made through the body 1 at ap- P° rt '* during the second vacuum forming step. The ABS sheet 
propriate points in any suitable manner, as by piercing with 22 which is to form the outer skin is framed across the open 
hot needles or by drilling, to enable application of vacuum ef- t0 P of vacuum box 20 by clamping means 23. Heat is applied 
fectively during the vacuum forming step. Typically holes 2 by overhead heating means 24, causing sheet 22 to be brought 
are located in a horizontal plane near the bottom of the boat 25 to a temperature of about 350° F. and to sag into the broken 
and are positioned entirely around body 1 indicated in FIG. 1. fine position shown in FIG, 7. The attainment of this position 
The vacuum box 3 used in applying the inner skin comprises is determinable by electric eye transmitter means 25 and 
a bottom and sidewalk, a vacuum pipe 4 connected to a receiver means 26 located in the wall of vacuum box 20. The 
source of vacuum (not shown), and an upper flange 5 at the vacuum forming step is now begun, this being accomplished 
top of its walls. Because the core body 1 is ordinarily not 30 by the application of vacuum through pipe 27 and by moving 
strong enough to withstand the tremendous total pressure ex- support 21 upwardly by cylinder 28 operated by a piston (not 
erted by. the atmosphere during the vacuum forming step it is shown) in hydraulic or pneumatic cylinder 29. The uppermost 
usually necessary to rigidly support it against deformation or portion of the boat hull contacts the lowermost portion of 
crushing by a strong and rigid support member 6 positioned in - , sagging sheet 22, air is pulled out ahead of the engagement of 
the vacuum box prior to placement of the core body 1 therein, sheet 22 with the boat hull, and the assembly finally reaches 
reinforcing and bracing (not shown) being provided where the position of complete drawing shown in FIG. 8. Heating 
necessary. Support member 6 is preferably made of epoxy means 24 is of course raised into a retracted position (not 
resin strongly reinforced with fiber glass. In order to transmit shown) and allowed to cool at an appropriate point in the 
the vacuum through support 6, holes 7 are provided therein. 40 c yde not later than the completion of the draw; as soon as the 
Because of the practical difficulty of securing registration of draw is complete the outer skin 22 is cooled with air. as with 
holes 7 with holes 2, it is convenient to provide wire screen 1 1 fans (not shown) to limit the extent of collapse of the cellular 
between core 1 and support 6, thereby providing free air core at the interface, the surplus skin material at the edge of 
passage at all times from holes 2 to holes 7 and thence into the the boat is then trimmed in the gunwale area. As indicated in 
interior of the vacuum box 3. Screen 1 1 should of course ex- 45 FIG - 9 , there typically is a small gap 30 between the two edges 
tend at least over the area embracing holes 2 and holes 7. of skins 12 and 22 in the gunwale area. This narrow band 30 is 

The sheet 12 of ABS material to be vacuum drawn into the preferably covered in any suitable way as by application of a 
interior of the hull body is framed in any suitable clamping decorative strip (not shown) thereover, 
means 13 somewhat larger than the flange 5 of the vacuum It will be seen that in the embodiment just described each of 
box. Sheet 12 is then heated to a temperature at which it is 50 the heated plastic sheets is positioned in a plane generally 
vacuum formable in any suitable manner as by heating means parallel to the gunwale portions or, stated otherwise to any 
14 disposed above it. Typically sheet 12 is heated to about flotation plane of the boat hull, and is then drawn with elonga- 
350° F. whereupon the clamping frame 13 is lowered over the li on of the sheet and continuous expulsion of air as the sheet 
vacuum box so that the sheet assumes the broken line position contacts the hull body resulting in perfect conformance of 
shown in FIG. 3 in which it is stretched airtightly across the 55 each sheet with the hull body over the entire surface thereof, 
vacuum box 3. Vacuum is then applied causing the sheet 12 to The resulting boat hull is far more resistant to impact, punc- 
be drawn into exact conformity with the interior of the hull turing, abrasion, and other deteriorating influences than the 
body 1 and to be tenaciously fusion welded thereto as a result unprotected expanded polystyrene core would be by itself 
of the heat in the sheet 12 as it contacts the core. The air is « B °th the exterior and the interior skin layers are firmly fusion 
pulled out ahead of the sheet as it comes into engagement with U bonded to the expanded polystyrene core and can be 
the surface of the core. Vacuum ports 15 are provided in the separated therefrom only with great difficulty. If a portion of 
uppermost gunwale-supporting portions of support 6 in order . the is forceably separated from the surface of the core it 
to pull the sheet 12 down into trie solid line position, as shown is noted that a fine layer of polystyrene foam adheres to the 
at the right and left portions of FIG. 3, and form a fusion 65 surface of the separated skin, this being indicative of the tena- 
welded skin portion 16 on the outside of the gunwales of the cious bonding achieved at the interface of the two plastic 
boat. As will be obvious to those skilled in the art, heat can be materials by the present invention, 
applied throughout the vacuum forming step by means 14 

which typically may be a bank of infrared heating lamps ex- GENERAL 
tending over the entire area of the sheet. 7n Asatr^Hv inHi^t-^ .u ♦ i. . 
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greatly enhances the strength of the cellular body in a manner to protect by Letters Patent is- 

«S - s ^^!??SSS=isawtSiC: 

provided the two materials arc, ufficiently compatible under 10 '^p^™ nonX ' urf WAlW 
the conditions of Uie vacuum forming to effect fusion welding being at a temperature weTb^ 

of the skin to the cellular material. Examples of thermoplastic bondL said sheet to said \ £ f temperature and 

n^M^teurt^te^ wfx J^ terface'byfoS 

lar body are polyvinyl chloride and related vinyl polymers tightly B^-M m J^^^^^^Tt 
such as vinyl chloride-vinyl acetate copolymer, polyvinyl 15 gaTpreLe to ^b^M^^'^^^^T^ 
dichoride. polystyrene, polycarbonate, acrylonitrile styrene- movement of said Theet and S^^r^K^^ 
aery ate (ASA), polyphenylene oxide, polysulfone, ABS, continuously expe Hng £ f om 

blends of the foregomg materials with one another or with surface ahead of saidsheet as saSet comet into el£f 
ABS polyolefms such as polyethylene, polypropylene, ment with said surface, said shaped body I 
^r PK, 5 y ^ ne C0 ^y me \ E?DM ("^ured), cellulose 20 and drawing being rigidly, supported agains t 
acetate, cellulose acetate butyrate, styrene-butadiene crushing, and limiting "the transfer o :^^^Si n ^ 
copolymers mcludmg styrene -butadiene block copolymers, saidboSy to that required to achieve ^J^^S^miT 
thermoplastic polyurethanes, etc. terface. 

The cellular body used as the core can be of any density *< The method of claim 1 wherein the heating of said body is 

ranging from as low as one pound per cubic foot to as high as 25 limited to the heating thereof resulting from contact with said 
50 pounds per cubic foot or even higher. The foam may be heated sheet. 

unicellular, i.e. with non-intercommunicating cells or may 3 - Tne method of claim 2 including the further step of cool 
have a spongy structure, with intercommunicating cells, the ing the outer surface ofthe sheet of thermal composite article 
choice bemg dictated by the kind of the final article and the 4 - Tne method of claim 2 wherein said body is formed from 

conditions of its service. All thicknesses of thermoplastic sheet 30 expanded polystyrene. 

can be used to form the protective layer. The protective sheet 5 * The method of claim 4-wherein said sheet is formed from 

is usually non-cellular; however, it can be cellular in those in- acrylonitrile-butadiene-styrene polymer, 
stances where a cellular sheet is thermally formable and will 6*- The method of claim S wherein said body is an open boat 

impart the desired strength and protection to the interior core hull body. 

body; examples of such thermally formable cellular sheet are 35 7. The method of enhancing the impact- and abrasion-re 
the laminated structures shown in U.S. Pat. Nos. 3,041,220; sistance of an open boat hull body made of exoanderi 
3,070,8 1 7; 3,206,354; 3.356,560 and 3,386,878. polystyrene which comprises conforming and bonding by fu 

The types of articles which can be made by the invention SIOn welding a peripherally clamped, heated sheet of ther- 
are virtually unlimited. In addition to use for making boats, it rnoplastic material to the interior surface of said body by the 
can be used to malce engine covers, containers of all types, 40 method of claim 16, said peripherally clamped sheet being im- 
material handling devices such as pallets, ice buckets, ice tial| y disposed across the top of the hull body in a plane 
chests, luggage, surfboards, etc. It can- be used to make insu- generally parallel to a flotation plane ofthe hull body cooling 
latmg structural members such as wall panels, etc. the drawn sheet after it has been conformed and bonded to the 

The invention can be used to make composite articles of al- interior surface of the hull body, and then conforming and fu 
most every conceivable shape. For making a flat insulating 45 sion welding a second peripherally clamped sheet of ther- 
wall panel, for example, one or both surfaces of a flat body of , neoplastic material to the exterior surface of said body by the 
cellular thermoplastic material, such as polystyrene bead method of claim 2, said peripherally clamped second sheet 
foam, can be provided with a protective thermoplastic skin, bein g initially disposed in a plane generally parallel to a flota 
preferably treating such a flat shape in the manner used for t ion plane ofthe hull body. 

protecting a convex surface, i.e., in the way generally por- 50 8- The method of claim 7 wherein said sheets are formed 
trayed in FIGS. 1 to 3. from aery lonitrile- butadiene -styrene polymer. 

Having thus described my invention, what I claim and desire * + • * * 
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po-io5o UNITED STATES PATENT OFFICE 

(5/69) 

CERTIFICATE OF CORRECTION 



Patent No. 



3,65^012 Dated August 11, 1972 



Inventor (K) WILFRED C« SCHLAGER 



It is certified that error appears in the above-identified patent 
and that said Letters Patent are hereby corrected as shown below: 



Column 1, line 15, the word "performing" 
should read — preforming — . 

Column 6 , line 40,, claim 7, the claim reference 
numeral "l6" should read — 2 — ♦ 



Signed and sealed this 5th day of December 1972. 



(SEAL) 
Attest: 

EDWARD M.FLETCHER, JR. ROBERT GOTTSCHALK 

Attesting Officer Commissioner of Patent 
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